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1 Abstract

NASA Ames Research Center has developed the ability to use evolutionary algo-
rithms (EA) for spacecraft antenna design, atomic force field parameter fitting
[Globus et al. 2002], analogue [Lohn and Colombano 1998] and digital [Lohn
et al. 2002] circuit design, Earth Observing Satellite (EOS) scheduling [Globus
et al. 2001], wing design [Pulliam et al. 2003], molecule design [Globus et al.
1999], and aircraft turbine blade design. In some of these areas, evolutionary
algorithms match or improve on human performance. Due to space limitations
for this abstract, we discuss selected areas:

2 Spacecraft Antenna Design

Designing antennas by hand is slow and requires great expertise. We have auto-
mated antenna design using a tree-structured representation which matches the
tree-structure of the corresponding antennas. We have evolved small, efficient
antennas for NASA’s Space Technology 5 mission that, according to simulation,
meet the requirements. In addition, the fitness function evaluates an antenna
design multiple times, each with a small random perturbation applied to joint
angles and wire radii to account for manufacturing tolerances. The addition of
manufacturing noise results in antennas that perform well across a broad range
of frequencies.

3 Atomic Force Field Parameters

Accurate molecular dynamics simulation of reactive multi-species systems is
important for nanotechnology. Unfortunately, reactive multi-species potentials
are only available for a few atomic species. Furthermore, developing reactive
multi-species potentials is difficult, time consuming, tedious, failure prone and,
thus, rarely attempted.

There are two parts to developing any force field: finding a functional form
that reflects the physics and choosing the parameters required by the form.
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Much of the tedium is in the parameterization. Our EA was able to reproduce
the Stillinnger-Weber parameterization for Si [Stillinger and Weber 1990], and
generate new parameters for Si and Ge. The new Si parameters matched the
energetics of small Si clusters much better than Stillinger-Weber, and the new
Ge parameters are the first available for the Stillinger-Weber functional form.
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